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(57) ABSTRACT 

A method for cell and electrical therapy of living tissue 
including administration of exogenous cells into a region of 
injured tissue and application of electrical energy. In one 
application the exogenous cells are conditioned in vitro 
before their administration into tissue. In one application the 
combined cell and electrical therapy is applied in vivo to 
damaged heart tissue. In such applications, minimally inva 
sive procedures are used to apply the cell therapy and the 
electrical therapy is provided via an implantable pulse 
generator. In one application an implantable pacemaker is 
used in the VDD or DDD mode With an atrioventricular 
delay kept relatively short When compared to the intrinsic 
atrioventricular delay. 
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METHOD AND APPARATUS FOR CELL AND 
ELECTRICAL THERAPY OF LIVING TISSUE 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/429,954, ?led on Nov. 30, 2002 
and US. Provisional Application No. 60/483,028, ?led on 
Jun. 27, 2003, under 35 U.S.C. § 119(e), Which are hereby 
incorporated by reference. 

[0002] This application is related to co-pending, com 
monly assigned US. patent application Ser. No. , 
“METHOD AND APPARATUS FOR CELL AND ELEC 
TRICAL THERAPY OF LIVING TISSUE,” ?led on Nov. 
25, 2003 (Attorney Docket No. 279.466US1), Which is 
hereby incorporated by reference. 

TECHNICAL FIELD 

[0003] This invention relates generally to combined cell 
and electrical therapy of living tissue and particularly, but 
not by Way of limitation, to method and apparatus for 
conditioning living tissue using cell and electrical therapy 
With a cardiac rhythm management system. 

BACKGROUND 

[0004] The heart is a unique organ Which pumps blood not 
only to the remaining portions of the body, but to itself. 
“Heart attacks” or myocardial infarctions occur When there 
is a loss of proper blood How to the heart. When heart tissue 
does not get adequate oXygen, there is a high probability that 
heart muscle cells Will die. The severity of a myocardial 
infarction is measured by the amount and severity of heart 
damage and loss of function. 

[0005] Heart disease is a leading cause of death. Despite 
advances in the treatment of myocardial infarction, patients 
suffer decreased quality of life due to the damage caused by 
the heart attack. One such damage is chronic heart failure 
arising from the myocardial infarction. The cardiac muscle 
cells, cardiomyocytes, Which, in some circumstances, die 
during a myocardial infarction either cannot be regenerated 
naturally by the heart or cannot be regenerated in suf?cient 
quantities to repair the damage folloWing infarction. 
Depending on the severity of damage to the heart muscle, 
cardiac output, heart valve function, and blood pressure 
generating capacity can be greatly reduced. These results 
only exemplify some of the long-term devastating impacts 
of heart attacks on patients. 

[0006] One Way to treat damaged heart muscle cells is to 
provide pharmaceutical therapies in an effort to restore heart 
function. Such therapies may not be particularly effective if 
the damage to the heart is too severe, and pharmaceutical 
therapy is not believed to regenerate cardiomyocytes, but 
instead acts to block or promote certain molecular pathWays 
that are thought to be associated With the progression of 
heart disease to heart failure. 

[0007] Another treatment for damaged heart muscle is 
called “cell therapy.” Cell therapy involves the administra 
tion of endogenous, autologous and/or or nonautologous 
cells to a patient. For eXample, myogenic cells can be 
injected into damaged cardiac tissue With the intent of 
replacing damaged heart muscle or improving the mechani 
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cal properties of the damaged region. HoWever, the admin 
istration of myogenic cells does not ensure that the cells Will 
engraft or survive, much less function and there is a need in 
the art for enhanced ef?cacy of cell therapies. 

SUMMARY 

[0008] This document discloses, among other things, a 
method and apparatus for synergistic actions among cell and 
electrical therapies of living tissue. In varying embodiments, 
the present disclosure includes a system for electrical 
therapy of cardiac tissue of a heart, at least a portion of the 
cardiac tissue administered With eXogenous cells in a cell 
therapy, the system comprising one or more catheter leads 
With electrodes and a pulse generator including an interface 
for connection to the one or more catheter leads, a controller 
programmable for a plurality of pulse delivery modes, and 
a sense ampli?er for sensing electrical signals from the one 
or more catheter leads, Wherein the pulse generator includes 
a selectable pacing mode for providing therapeutic electrical 
stimulation to enhance the cell therapy of the cardiac tissue. 

[0009] In various embodiments, the therapeutic electrical 
stimulation includes a VDD (or DDD) pacing mode having 
an atrioventricular delay Which is short compared to an 
intrinsic atrioventricular delay of the heart. 

[0010] Also described are embodiments Where the thera 
peutic electrical stimulation is provided at times betWeen 
additional pacing and de?brillation therapies, Where the 
therapeutic electrical stimulation is programmable for cer 
tain times of day, such as during sleep. 

[0011] Also described are embodiments Where the thera 
peutic electrical stimulation is programmable for certain 
levels of stress, or for certain levels of activity. 

[0012] A variety of embodiments are provided Where the 
therapy is invoked by a programmer, Where accelerometer 
data is used to determine When to apply therapeutic electri 
cal stimulation and Where lead location is used to determine 
types of therapeutic electrical stimulation, for some 
eXamples. 

[0013] Also discussed are methods for enhancing cell 
therapy of cardiac tissue including applying electrical 
therapy using an implantable pulse generator to cardiac 
tissue administered With eXogenous cell therapy comprising 
donor cells, Wherein the electrical therapy enhances one or 
more of engraftment, survival, proliferation, differentiation 
or function of the donor cells. Different methods including 
in vivo and in vitro treatments are discussed. Various pacing 
therapies are also discussed. In one embodiment, the meth 
ods include administering an agent that enhances eXogenous 
cell engraftment, survival, proliferation, differentiation, or 
function. Enhancement of cardiac function and angiogenesis 
are also discussed. 

[0014] The description also provides various catheters for 
cell therapy, including needle means for injection of ?uids 
for cell therapy. 

[0015] This Summary is an overvieW of some of the 
teachings of the present application and not intended to be 
an eXclusive or eXhaustive treatment of the present subject 
matter. Further details about the present subject matter are 
found in the detailed description and appended claims. Other 
aspects of the invention Will be apparent to persons skilled 
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in the art upon reading and understanding the following 
detailed description and vieWing the draWings that form a 
part thereof, each of Which are not to be taken in a limiting 
sense. The scope of the present invention is de?ned by the 
appended claims and their equivalents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] In the draWings, like numerals describe similar 
components throughout the several vieWs. Like numerals 
having different letter suf?xes represent different instances 
of the components. 

[0017] FIG. 1A is a How diagram shoWing an overall 
therapy using cell therapy and electrical therapy according 
to one embodiment of the present invention. 

[0018] FIG. 1B is a How diagram shoWing an overall 
therapy using cell therapy and electrical therapy according 
to one embodiment of the present invention. 

[0019] FIG. 1C is a How diagram shoWing a particular 
therapy for treating cardiac tissue using combined cell and 
electrical therapies according to one embodiment of the 
present invention. 

[0020] FIG. 1D is a How diagram shoWing a particular 
therapy for treating cardiac tissue using combined cell and 
electrical therapies according to another embodiment of the 
present invention. 

[0021] FIG. 2A is a draWing of a side vieW of a catheter 
tip for providing cell therapy according to one embodiment 
of the present invention. 

[0022] FIG. 2B is a draWing of a top vieW of a catheter tip 
for providing cell therapy according to one embodiment of 
the present invention. 

[0023] FIG. 2C is a side vieW of one embodiment of a 
catheter tip With adjustable curvature according to one 
embodiment of the present invention. 

[0024] FIG. 2D is a draWing of a side vieW of a catheter 
tip With separate channels for vacuum and needle for pro 
viding cell therapy according to one embodiment of the 
present invention. 

[0025] FIG. 2E is a draWing of a side vieW of a catheter 
tip With drug reservoir and electrodes for providing cell 
therapy according to one embodiment of the present inven 
tion. 

[0026] FIG. 2F is a draWing of a catheter tip having a 
needle array for providing cell therapy according to one 
embodiment of the present invention. 

[0027] FIG. 2G is a draWing of the catheter tip of FIG. 2F 
With the needle array retracted and tissue after cell therapy 
according to one application of the present invention. 

[0028] FIG. 2H is a draWing of a catheter tip With 
expandable balloon for cell therapy according to one 
embodiment of the present invention. 

[0029] FIG. 3 is a block diagram of a pacemaker accord 
ing to one embodiment of the present invention. 

[0030] FIG. 4 shoWs one example of application of cell 
and electrical therapy to a region of cardiac tissue subject to 
myocardial infarction according to one embodiment of the 
present invention. 
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[0031] FIG. 5A is a diagram shoWing a programmer for 
use With an implanted cardiac rhythm management device 
according to one embodiment of the present invention. 

[0032] FIG. 5B is a diagram shoWing a Wireless device in 
communications With an implanted device for management 
of the implanted device and therapy according to one 
embodiment of the present invention. 

[0033] FIG. 5C is a diagram shoWing a Wireless device in 
communications With an implanted device and connected to 
a netWork for communications With a remote facility for 
management of the implanted device and therapy according 
to one embodiment of the present invention. 

[0034] FIG. 6A is a block diagram shoWing an in vitro cell 
treatment device according to one embodiment of the 
present invention. 

[0035] FIG. 6B is a block diagram shoWing additional 
details of portions of the in vitro cell treatment device 
according to one embodiment of the present invention. 

DETAILED DESCRIPTION 

[0036] In the folloWing detailed description, reference is 
made to the accompanying draWings Which form a part 
hereof, and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention may be practiced. 
These embodiments are described in suf?cient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that the embodiments may be com 
bined, or that other embodiments may be utiliZed and that 
structural, logical and electrical changes may be made 
Without departing from the spirit and scope of the present 
invention. The folloWing detailed description provides 
examples, and the scope of the present invention is de?ned 
by the appended claims and their equivalents. 

[0037] It should be noted that references to “an , one”, or 
“various” embodiments in this disclosure are not necessarily 
to the same embodiment, and such references contemplate 
more than one embodiment. 

[0038] De?nitions 

[0039] By “muscle cell” or “muscle tissue” is meant a cell 
or group of cells derived from muscle, including, but not 
limited to, cells and tissue derived from skeletal muscle and 
cardiac muscle, and in some embodiments includes smooth 
muscle cells. The term includes muscle cells both in vitro 
and in vivo. Thus, for example, an isolated cardiomyocyte 
Would constitute a “muscle cell” for purposes of the present 
invention, as Would a muscle cell as it exists in muscle tissue 
present in a subject in vivo. The term also encompasses both 
differentiated and nondifferentiated muscle cells, such as 
myocytes, myotubes, myoblasts, both dividing and differ 
entiated, cardiomyocytes and cardiomyoblasts. 

[0040] By “cardiac cell” is meant a differentiated cardiac 
cell (e.g., a cardiomyocyte) or a cell committed to differen 
tiating to a cardiac cell (e.g., a cardiomyoblast or a cardi 
omyogenic cell). 

[0041] 
[0042] A “cardiomyocyte” is any cell in the cardiac myo 
cyte lineage that shoWs at least one phenotypic characteristic 
of a cardiac muscle cell. Such phenotypic characteristics can 
include expression of cardiac proteins, such as cardiac 

A“myocyte” is a muscle cell that contains myosin. 
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sarcomeric or myo?lbrillar proteins or atrial natriuretic 
factor (ANP), or electrophysiological characteristics. Car 
diac sarcomeric or myo?brillar proteins include, for 
example, atrial myosin heavy chain, cardiac-speci?c ven 
tricular myosin heavy chain, desmin, N-cadherin, sarcom 
eric actin, cardiac troponin I, myosin heavy chain, and Na/K 
ATPase. Electrophysiological characteristics of a cardi 
omyocyte include, for example, Na+ or K+ channel currents. 
Similarly, by “skeletal muscle cell” is meant any cell in the 
skeletal muscle cell lineage that shoWs at least one pheno 
typic characteristic of a skeletal muscle cell. Such pheno 
typic characteristics can include expression of skeletal 
muscle proteins, such as skeletal muscle-speci?c transcrip 
tion factor MyoD or skeletal muscle-speci?c myosin, or 
electrophysiological characteristics and morphologic char 
acteristics such as fusion into a multinucleated striated ?ber. 

[0043] By “myocardium” is meant the muscular portion of 
the heart. The myocardium includes three major types of 
muscle ?bers: atrial muscle ?bers, ventricular muscle ?bers, 
and specialiZed excitatory and conductive muscle ?bers. 

[0044] A“vector” or “construct” (sometimes referred to as 
gene delivery or gene transfer “vehicle”) refers to a macro 
molecule or complex of molecules comprising a polynucle 
otide to be delivered to a host cell, either in vitro or in vivo. 
The polynucleotide to be delivered may comprise a coding 
sequence of interest for gene therapy. Vectors include, for 
example, viral vectors (such as adenoviruses, adeno-associ 
ated viruses (AAV), lentiviruses, herpesvirus and retrovi 
ruses), liposomes and other lipid-containing complexes, and 
other macromolecular complexes capable of mediating 
delivery of a polynucleotide to a host cell. Vectors can also 
comprise other components or functionalities that further 
modulate gene delivery and/or gene expression, or that 
otherWise provide bene?cial properties to the targeted cells. 
Such other components include, for example, components 
that in?uence binding or targeting to cells (including com 
ponents that mediate cell-type or tissue-speci?c binding); 
components that in?uence uptake of the vector nucleic acid 
by the cell; components that in?uence localiZation of the 
polynucleotide Within the cell after uptake (such as agents 
mediating nuclear localization); and components that in?u 
ence expression of the polynucleotide. Such components 
also might include markers, such as detectable and/or select 
able markers that can be used to detect or select for cells that 
have taken up and are expressing the nucleic acid delivered 
by the vector. Such components can be provided as a natural 
feature of the vector (such as the use of certain viral vectors 
Which have components or functionalities mediating binding 
and uptake), or vectors can be modi?ed to provide such 
functionalities. A large variety of such vectors are knoWn in 
the art and are generally available. When a vector is main 
tained in a host cell, the vector can either be stably replicated 
by the cells during mitosis as an autonomous structure, 
incorporated Within the genome of the host cell, or main 
tained in the host cell’s nucleus or cytoplasm. 

[0045] A“recombinant viral vector” refers to a viral vector 
comprising one or more heterologous genes or sequences. 
Since many viral vectors exhibit siZe constraints associated 
With packaging, the heterologous genes or sequences are 
typically introduced by replacing one or more portions of the 
viral genome. Such viruses may become replication-defec 
tive, requiring the deleted function(s) to be provided in trans 
during viral replication and encapsidation (by using, e.g., a 
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helper virus or a packaging cell line carrying genes neces 
sary for replication and/or encapsidation). Modi?ed viral 
vectors in Which a polynucleotide to be delivered is carried 
on the outside of the viral particle have also been described 
(see, e.g., Curiel et al., Proc. Natl. Acad. Sci. USA, 88:8850 
(1991)). 
[0046] “Gene delivery, gene transfer,” and the like as 
used herein, are terms referring to the introduction of an 
exogenous polynucleotide (sometimes referred to as a 
“transgene”) into a host cell, irrespective of the method used 
for the introduction. Such methods include a variety of 
Well-knoWn techniques such as vector-mediated gene trans 
fer (by, e.g., viral infection/transfection, or various other 
protein-based or lipid-based gene delivery complexes) as 
Well as techniques facilitating the delivery of “naked” poly 
nucleotides (such as electroporation, “gene gun” delivery 
and various other techniques used for the introduction of 
polynucleotides). The introduced polynucleotide may be 
stably or transiently maintained in the host cell. Stable 
maintenance typically requires that the introduced poly 
nucleotide either contains an origin of replication compat 
ible With the host cell or integrates into a replicon of the host 
cell such as an extrachromosomal replicon (e.g., a plasmid) 
or a nuclear or mitochondrial chromosome. A number of 
vectors are knoWn to be capable of mediating transfer of 
genes to mammalian cells, as is knoWn in the art. 

[0047] By “transgene” is meant any piece of a nucleic acid 
molecule (for example, DNA) Which is inserted by arti?ce 
into a cell either transiently or permanently, and becomes 
part of the organism if integrated into the genome or 
maintained extrachromosomally. Such a transgene may 
include a gene Which is partly or entirely heterologous (i.e., 
foreign) to the transgenic organism, or may represent a gene 
homologous to an endogenous gene of the organism. 

[0048] By “transgenic cell” is meant a cell containing a 
transgene. For example, a stem cell transformed With a 
vector containing an expression cassette can be used to 
produce a population of cells having altered phenotypic 
characteristics. 

[0049] The term “Wild-type” refers to a gene or gene 
product that has the characteristics of that gene or gene 
product When isolated from a naturally occurring source. A 
Wild-type gene is that Which is most frequently observed in 
a population and is thus arbitrarily designated the “normal” 
or “Wild-type” form of the gene. In contrast, the term 
“modi?ed” or “mutant” refers to a gene or gene product that 
displays modi?cations in sequence and or functional prop 
erties (i.e., altered characteristics) When compared to the 
Wild-type gene or gene product. It is noted that naturally 
occurring mutants can be isolated; these are identi?ed by the 
fact that they have altered characteristics When compared to 
the Wild-type gene or gene product. 

[0050] The term “transduction” denotes the delivery of a 
polynucleotide to a recipient cell either in vivo or in vitro, 
via a viral vector and preferably via a replication-defective 
viral vector, such as via a recombinant AAV. 

[0051] The term “heterologous” as it relates to nucleic 
acid sequences such as gene sequences and control 
sequences, denotes sequences that are not normally joined 
together, and/or are not normally associated With a particular 
cell. Thus, a “heterologous” region of a nucleic acid con 
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struct or a vector is a segment of nucleic acid Within or 
attached to another nucleic acid molecule that is not found 
in association With the other molecule in nature. For 
example, a heterologous region of a nucleic acid construct 
could include a coding sequence ?anked by sequences not 
found in association With the coding sequence in nature, i.e., 
a heterologous promoter. Another example of a heterologous 
coding sequence is a construct Where the coding sequence 
itself is not found in nature (e.g., synthetic sequences having 
codons different from the native gene). Similarly, a cell 
transformed With a construct Which is not normally present 
in the cell Would be considered heterologous for purposes of 
this invention. 

[0052] By “DNA” is meant a polymeric form of deoxyri 
bonucleotides (adenine, guanine, thymine, or cytosine) in 
double-stranded or single-stranded form found, inter alia, in 
linear DNA molecules (e.g., restriction fragments), viruses, 
plasmids, and chromosomes. In discussing the structure of 
particular DNA molecules, sequences may be described 
herein according to the normal convention of giving only the 
sequence in the 5‘ to 3‘ direction along the nontranscribed 
strand of DNA (i.e., the strand having the sequence comple 
mentary to the mRNA). The term captures molecules that 
include the four bases adenine, guanine, thymine, or 
cytosine, as Well as molecules that include base analogues 
Which are knoWn in the art. 

[0053] As used herein, the terms “complementary” or 
“complementarity” are used in reference to polynucleotides 
(i.e., a sequence of nucleotides) related by the base-pairing 
rules. For example, the sequence “A-G-T,” is complemen 
tary to the sequence “T-C-A.” Complementarity may be 
“partial,” in Which only some of the nucleic acids’ bases are 
matched according to the base pairing rules. Or, there may 
be “complete” or “total” complementarity betWeen the 
nucleic acids. The degree of complementarity betWeen 
nucleic acid strands has signi?cant effects on the efficiency 
and strength of hybridiZation betWeen nucleic acid strands. 
This is of particular importance in ampli?cation reactions, as 
Well as detection methods that depend upon binding betWeen 
nucleic acids. 

[0054] DNA molecules are said to have “5‘ ends” and “3‘ 
ends” because mononucleotides are reacted to make oligo 
nucleotides or polynucleotides in a manner such that the 5‘ 
phosphate of one mononucleotide pentose ring is attached to 
the 3‘ oxygen of its neighbor in one direction via a phos 
phodiester linkage. Therefore, an end of an oligonucleotide 
or polynucleotide is referred to as the “5‘ end” if its 5‘ 
phosphate is not linked to the 3‘ oxygen of a mononucleotide 
pentose ring and as the “3‘ end” if its 3‘ oxygen is not linked 
to a 5‘ phosphate of a subsequent mononucleotide pentose 
ring. As used herein, a nucleic acid sequence, even if internal 
to a larger oligonucleotide or polynucleotide, also may be 
said to have 5‘ and 3‘ ends. In either a linear or circular DNA 
molecule, discrete elements are referred to as being 
“upstream” or 5‘ of the “downstream” or 3‘ elements. This 
terminology re?ects the fact that transcription proceeds in a 
5‘ to 3‘ fashion along the DNA strand. The promoter and 
enhancer elements that direct transcription of a linked gene 
are generally located 5‘ or upstream of the coding region. 
HoWever, enhancer elements can exert their effect even 
When located 3‘ of the promoter element and the coding 
region. Transcription termination and polyadenylation sig 
nals are located 3‘ or doWnstream of the coding region. 
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[0055] A “gene,”“polynucleotide,”“coding region,” or 
“sequence” Which “encodes” a particular protein, is a 
nucleic acid molecule Which is transcribed and optionally 
also translated into a gene product, i.e., a polypeptide, in 
vitro or in vivo When placed under the control of appropriate 
regulatory sequences. The coding region may be present in 
either a cDNA, genomic DNA, or RNA form. When present 
in a DNA form, the nucleic acid molecule may be single 
stranded (i.e., the sense strand) or double-stranded. The 
boundaries of a coding region are determined by a start 
codon at the 5‘ (amino) terminus and a translation stop codon 
at the 3‘ (carboxy) terminus. A gene can include, but is not 
limited to, cDNA from prokaryotic or eukaryotic mRNA, 
genomic DNA sequences from prokaryotic or eukaryotic 
DNA, and synthetic DNA sequences. A transcription termi 
nation sequence Will usually be located 3‘ to the gene 
sequence. 

[0056] The term “control elements” refers collectively to 
promoter regions, polyadenylation signals, transcription ter 
mination sequences, upstream regulatory domains, origins 
of replication, internal ribosome entry sites (“IRES”), 
enhancers, splice junctions, and the like, Which collectively 
provide for the replication, transcription, post-transcrip 
tional processing and translation of a coding sequence in a 
recipient cell. Not all of these control elements need alWays 
be present so long as the selected coding sequence is capable 
of being replicated, transcribed and translated in an appro 
priate host cell. 

[0057] The term “promoter region” is used herein in its 
ordinary sense to refer to a nucleotide region comprising a 
DNA regulatory sequence, Wherein the regulatory sequence 
is derived from a gene Which is capable of binding RNA 
polymerase and initiating transcription of a doWnstream (3‘ 
direction) coding sequence. 
[0058] By “enhancer element” is meant a nucleic acid 
sequence that, When positioned proximate to a promoter, 
confers increased transcription activity relative to the tran 
scription activity resulting from the promoter in the absence 
of the enhancer domain. 

[0059] By “cardiac-speci?c enhancer element” is meant 
an element, Which, When operably linked to a promoter, 
directs gene expression in a cardiac cell and does not direct 
gene expression in all tissues or all cell types. Cardiac 
speci?c enhancers of the present invention may be naturally 
occurring or non-naturally occurring. One skilled in the art 
Will recogniZe that the synthesis of non-naturally occurring 
enhancers can be performed using standard oligonucleotide 
synthesis techniques. 
[0060] By “operably linked” With reference to nucleic acid 
molecules is meant that tWo or more nucleic acid molecules 
(e.g., a nucleic acid molecule to be transcribed, a promoter, 
and an enhancer element) are connected in such a Way as to 
permit transcription of the nucleic acid molecule. “Operably 
linked” With reference to peptide and/or polypeptide mol 
ecules is meant that tWo or more peptide and/or polypeptide 
molecules are connected in such a Way as to yield a single 
polypeptide chain, i.e., a fusion polypeptide, having at least 
one property of each peptide and/or polypeptide component 
of the fusion. The fusion polypeptide is preferably chimeric, 
i.e., composed of heterologous molecules. 

[0061] “Homology” refers to the percent of identity 
betWeen tWo polynucleotides or tWo polypeptides. The cor 
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respondence between one sequence and to another can be 
determined by techniques known in the art. For example, 
homology can be determined by a direct comparison of the 
sequence information betWeen tWo polypeptide molecules 
by aligning the sequence information and using readily 
available computer programs. Alternatively, homology can 
be determined by hybridiZation of polynucleotides under 
conditions Which form stable duplexes betWeen homologous 
regions, folloWed by digestion With single strand-speci?c 
nuclease(s), and siZe determination of the digested frag 
ments. TWo DNA, or tWo polypeptide, sequences are “sub 
stantially homologous” to each other When at least about 
80%, preferably at least about 90%, and most preferably at 
least about 95% of the nucleotides, or amino acids, respec 
tively match over a de?ned length of the molecules, as 
determined using the methods above. 

[0062] By “mammal” is meant any member of the class 
Mammalia including, Without limitation, humans and non 
human primates such as chimpanZees and other apes and 
monkey species; farm animals such as cattle, sheep, pigs, 
goats and horses; domestic mammals such as dogs and cats; 
laboratory animals including rodents such as mice, rats, 
rabbits and guinea pigs, and the like. 

[0063] By “derived from” is meant that a nucleic acid 
molecule Was either made or designed from a parent nucleic 
acid molecule, the derivative retaining substantially the 
same functional features of the parent nucleic acid molecule, 
e.g., encoding a gene product With substantially the same 
activity as the gene product encoded by the parent nucleic 
acid molecule from Which it Was made or designed. 

[0064] By “expression construct” or “expression cassette” 
is meant a nucleic acid molecule that is capable of directing 
transcription. An expression construct includes, at the least, 
a promoter. Additional elements, such as an enhancer, and/or 
a transcription termination signal, may also be included. 

[0065] The term “exogenous,” When used in relation to a 
protein, gene, nucleic acid, or polynucleotide in a cell or 
organism refers to a protein, gene, nucleic acid, or poly 
nucleotide Which has been introduced into the cell or organ 
ism by arti?cial or natural means, or in relation a cell refers 
to a cell Which Was isolated and subsequently introduced to 
other cells or to an organism by arti?cial or natural means. 
An exogenous nucleic acid may be from a different organism 
or cell, or it may be one or more additional copies of a 
nucleic acid Which occurs naturally Within the organism or 
cell. An exogenous cell may be from a different organism, or 
it may be from the same organism. By Way of a non-limiting 
example, an exogenous nucleic acid is in a chromosomal 
location different from that of natural cells, or is otherWise 
?anked by a different nucleic acid sequence than that found 
in nature. 

[0066] The term “isolated” When used in relation to a 
nucleic acid, peptide or polypeptide refers to a nucleic acid 
sequence, peptide or polypeptide that is identi?ed and sepa 
rated from at least one contaminant nucleic acid, polypep 
tide or other biological component With Which it is ordi 
narily associated in its natural source. Isolated nucleic acid, 
peptide or polypeptide is present in a form or setting that is 
different from that in Which it is found in nature. For 
example, a given DNA sequence (e.g., a gene) is found on 
the host cell chromosome in proximity to neighboring genes; 
RNA sequences, such as a speci?c mRNA sequence encod 
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ing a speci?c protein, are found in the cell as a mixture With 
numerous other mRNAs that encode a multitude of proteins. 
The isolated nucleic acid molecule may be present in 
single-stranded or double-stranded form. When an isolated 
nucleic acid molecule is to be utiliZed to express a protein, 
the molecule Will contain at a minimum the sense or coding 
strand (i.e., the molecule may single-stranded), but may 
contain both the sense and anti-sense strands (i.e., the 
molecule may be double-stranded). 

[0067] The term “recombinant DNA molecule” as used 
herein refers to a DNA molecule that is comprised of 
segments of DNA joined together by means of molecular 
biological techniques. 

[0068] The term “recombinant protein” or “recombinant 
polypeptide” as used herein refers to a protein molecule that 
is expressed from a recombinant DNA molecule. 

[0069] The term “peptide”, “polypeptide” and protein” are 
used interchangeably herein unless otherWise distinguished. 

[0070] By “groWth factor” is meant an agent that, at least, 
promotes cell groWth or induces phenotypic changes. 

[0071] The term “angiogenic groWth factor” means an 
agent that alone or in combination With other agents induces 
angiogenesis, and includes, but is not limited to, ?broblast 
groWth factor (FGF), vascular endothelial groWth factor 
(VEGF), hepatocyte groWth factor, angiogenin, transform 
ing groWth factor (TGF), tissue necrosis factor (TNF, e.g., 
TNF-ot), platelet derived groWth factor (PDGF), granulocyte 
colony stimulatory factor (GCSF), placental GF, IL-8, pro 
liferin, angiopoietin, e.g., angiopoietin-l and angiopoietin-2, 
thrombospondin, ephrin-Al, E-selectin, leptin and heparin 
af?nity regulatory peptide. 

[0072] General OvervieW 

[0073] This document describes, among other things, 
method and apparatus for cell therapy and electrical condi 
tioning of living tissue. In one embodiment, cell therapy is 
applied to tissue in vivo by locating damaged tissue and 
administering, e.g., inserting or applying, appropriate cellu 
lar material (“donor cells”) into and/or to the damaged 
tissue. In one embodiment, the area including the damaged 
tissue and donor cells are then subjected to electric condi 
tioning, such as pacing-level electrical stimulation, using a 
pulse generator With properly positioned electrodes. Several 
embodiments are presented beloW to provide examples of 
different therapy apparatus and method. It is understood that 
other apparatus and method are possible as provided by the 
attached claims and their equivalents. 

[0074] The invention includes subjecting cells in vitro to 
one or more stimuli (“in vitro conditioning”) Which prefer 
ably yields cells With a desirable phenotype for cell-based 
therapies (“donor cells” hereinafter). For example, cells 
subjected to in vitro conditioning may be employed in 
cell-based therapies to augment and/or replace cardiac 
muscle, for instance, to treat myocardial infarction as Well as 
to treat genetic, e.g., degenerative, and acquired, e.g., heart 
failure, cardiac disorders. In one embodiment, donor cells 
compatible With a recipient and subjected to in vitro condi 
tioning, When employed in cell-based therapies to augment 
and/or replace cardiac muscle in a recipient, result in 
enhanced cellular engraftment, survival, proliferation, dif 
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ferentiation, cardiac function, and/or angiogenesis as a result 
of in vitro conditioning and/or in vivo pacing. 

[0075] FIG. 1A shoWs a How chart for providing com 
bined cell and electrical therapy according to one embodi 
ment of the present invention. A region of the tissue to be 
treated is identi?ed at 100. Cell therapy is administered to 
the identi?ed region at 110. Electrical therapy is applied to 
the identi?ed region at 120. In one approach, the cells 
(“donor” cells) are administered concurrently With electrical 
therapy, While in other approaches electrical therapy is 
subsequent to cell administration. In another approach elec 
trical therapy is applied prior to cell administration. More 
over, it is understood that multiple cell therapies may be 
implemented prior to application of the electrical therapy to 
the identi?ed tissue region. Also for example, the cell 
therapy may be folloWed by multiple electrical therapies. It 
is understood that different permutations of cell and electri 
cal therapy may be performed in varying embodiments. For 
instance, electrical conditioning may be applied before, 
during, or after cell therapy. In one approach cellular 
engraftment, cellular proliferation, cellular differentiation, 
cellular survival and/or cellular function, e.g., contractile 
function, of the donor cells in the recipient is further 
enhanced by electrical stimulus from the electrical therapy. 

[0076] FIG. 1B shoWs a How chart for providing com 
bined cell and electrical therapy according to another 
embodiment of the present invention. This embodiment 
includes an additional step of preparing the donor cells 
before administering the cell therapy. The donor cells are 
conditioned in vitro to introduce one or more desirable gene 
products (transgenes) to the cells at 105. Preferably, the 
transgenic donor cells include a transgene that enhances 
cellular proliferation, cellular engraftment, cellular survival, 
cellular differentiation and/or cellular function of the donor 
cells in the recipient. The expression of one or more trans 
genes may be employed to decrease, replace or supplement 
(increase) the expression of endogenous genes in the donor 
cells, e.g., if the donor cells are autologous cells and the 
donor has an inherited or acquired disease associated With 
aberrant expression of an endogenous gene in cardiac cells. 
The expression of one or more transgenes may correct the 
level of the gene product encoded by the transgene in the 
donor cells. In one embodiment the expression of the 
transgene is controlled by a regulatable or tissue-speci?c, 
e.g., cardiac myocyte-speci?c promoter. The transgene may 
be introduced to donor cells by any means including but not 
limited to liposomes, electroporation, naked DNA, or viral 
mediated transduction, for instance, via adenovirus, adeno 
associated virus, retrovirus or lentivirus vectors. 

[0077] In one embodiment an advanced patient manage 
ment device is used to control the applied electrical therapy 
in conjunction With inputs regarding applied cell therapy, 
inputs regarding patient health, and inputs regarding envi 
ronmental conditions. Other inputs are contemplated, and 
those provided herein are intended to demonstrate the Hex 
ibility and programmability afforded the user When the cell 
and electrical therapies are managed With an advanced 
patient management system. Such a system is discussed in 
various applications by the assignee, including, but not 
limited to, in US. patent application Ser. No. 10/093,353, 
?led Mar. 6, 2002, Which is hereby incorporated by refer 
ence in its entirety. 
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EXAMPLE OF CELL THERAPY OF CARDIAC 
TISSUE 

[0078] The present teachings are useful in a number of 
therapies. In one example, the treatment of a failing heart is 
possible. Such therapies may be employed for both ischemic 
and non-ischemic heart failure etiologies. 

[0079] FIG. 1C is a How diagram shoWing a particular 
therapy for treating cardiac tissue using combined cell and 
electrical therapies according to one embodiment of the 
present invention. The cardiac tissue region (or regions) of 
damaged tissue are identi?ed at 130 and then cell therapy is 
applied to one or more areas of damaged tissue at 140. 
Pacing therapy is applied to the identi?ed cardiac tissue 
region at 150. Tissue damage resulting from a myocardial 
infarction or heart attack is one type of tissue treatable by 
these apparatus and methods. 

[0080] Different methods of locating the damaged tissue 
may be employed. For example, electrophysiology, such as 
electrocardiograms, can be used to locate damaged cardiac 
tissue. Other locating methods include, but are not limited 
to: echocardiography and catheter-based voltage mapping of 
a portion of the heart; catheter based strain mapping; inva 
sive or minimally invasive surgery (visualiZation of dam 
aged tissue); and other imaging techniques, such as MRI, 
perfusion imaging, ?uoroscopy, and angiography. 

[0081] Once the damaged tissue is located, the localiZed 
area may be treated by inserting or applying donor cells, e. g., 
cells administered intravenously, transvenously, intramyo 
cardially or by any other convenient route, and delivered by 
a needle, catheter, e.g., a catheter Which includes an injection 
needle or infusion port, or other suitable device. Some 
exemplary delivery apparatus and methods include, but are 
not limited to, the teachings provided in the patent applica 
tions entitled: Drug Delivery Catheter With Retractable 
Needle, US. patent application Ser. No. 09/746,498, ?led 
Dec. 21, 2000; and Intra-Ventricular Substance Delivery 
Catheter System, US. patent application Ser. No. 10/038, 
788, ?led Dec. 31, 2001. Both of these disclosures are 
incorporated by reference in their entirety. 

[0082] FIG. 1D is a How diagram shoWing a particular 
therapy for treating cardiac tissue using combined cell and 
electrical therapies according to another embodiment of the 
present invention. This embodiment includes an additional 
step of preparing the donor cells before applying the cell 
therapy. The donor cells are prepared by electrical, mechani 
cal, and/or biological conditioning in vitro at 135. 

[0083] In one embodiment, a catheter having a catheter tip 
adapted for injection of exogenous cellular material is used 
for cell therapy. FIG. 2A shoWs a side vieW of a catheter tip 
200 positioned near the myocardium 202 having damaged 
cardiac muscle tissue. The catheter tip 200 is positioned 
intrapericardially intravenously, transvenously, transarteri 
ally, intramyocardially, or by another method. Asuction port 
208 is shoWn from a top vieW in FIG. 2B at the distal end 
of the catheter. The catheter tip 200 is af?xed near the region 
to be treated by a vacuum applied at the proximal end of the 
catheter to create a vacuum at the suction port 208 via 
channel 206 and thereby hold the catheter tip 200 against the 
myocardium 202. AholloW needle 204 is then advanced into 
the tissue at the catheter tip to inject exogenous cellular 
material to the location for cell therapy. After injection is 




































